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(57) Abstract 

Dry chemical pellets containing an 
acid, base, and salt, have the necessary 
chemicals to form a dialysate when mixed 
with a predetermined amount of water 
stored in mixing tanks from which the di- 
alysate can be circulated to a hemodialysis 
circuit. The pellets can be varied in compo- 
sition and disf>ensed in a prescribed order 
to vary the dialysate in accordance with 
the patient's needs. 
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Description 

DIALYSATE PRODUCTION SYSTEM WITH DIALYSATE PELLETS 

5 

Technical Field 

The present invention relates to hemodialysis 
systems, and more particularly, to an improved system for 
10 supplying dialysates. 

Background of the Invention 

Hemodialysis treatment is employed as a 
therapeutic measure when a patient^ s kidneys no longer 

15 perform their blood purifying function because of disease 
or traumatic removal. Kidney failure results in the 
accumulation of toxic waste in the patient's blood and 
eventual death from uremic poisoning, unless the waste 
material is removed by some artificial means. In 

2 0 hemodialysis of the type to which the present invention 
relates, the patient's blood is circulated from the 
patient in a closed blood circuit by a pump to one side of 
a membrane contained within a hemodialyzer (i.e., 
artificial kidney) • The membrane has pores of microscopic 

25 size through which waste products from the blood pass. 
The pores are, however, too small to permit blood cells 
and proteins to leave the body. A dialysis fluid 
(dialysate) is circulated on the other side of the 
hemodialyzer membrane to remove the waste products. The 

30 dialyzed blood is returned to the patient. 

Commonly the dialysate for hemodialysis systems 
is supplied as a liquid concentrate in containers from 
which it is blended and diluted with sterile water by the 
use of proportional pumping systems. 
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Brief Description of the Invention 

The present invention provides an on-site 
dialysate production system for supplying dialysate 
directly to a hemodialysis system by utilizing dry 
5 chemical pellets or tablets, wherein the pellet or tablet 
contains an acid or acids, a base or bases, and salts, 
with the proviso that the acid component be separated from 
the base component • The pellets are added to mixing 
chambers containing treated water to form the dialysate. 
10 The mixed dialysate from the chambers flows into the 
dialysate circuit through the hemodialyzer and/or 
hemofilter. Preferably, the acid component is citric 
acid, and this forms an effervescence upon contact with 
water and other chemicals to facilitate the solution of 
15 the dry chemical into the dialysate and maintains a pH 
below 7.4. Moreover, the more acid pH prevents calcium 
carbonate from forming an insolxible precipitate in the 
aqueous solution. 

20 Brief Description of the Drawings 

Figure 1 is a schematic of the main components 
in a traditional hemodialysis system. 

Figure 2 is a schematic of a dialysate 
production system embodying the present invention. 

25 

Detailed Description of the Invention 

Referring to Figure 1,. an "arterial »• line rxins 
from the patient to a blood pump and then to one side of 
the membrane in the hemodialyzer . The blood then flows to 
30 a drip chamber in the "venous" line and back into the 
patient. This forms the blood circuit. Conventionally, 
the dialysate circuit has been formed by mixing liquid 
dialysate concentrate with sterile water and passing the 
resulting dialysate on the other side of the hemodialyzer 
35 membrane and then continuing out to waste. 

Referring to Figure 2 in the dialysate 
production system of this invention, dry chemical pellets 
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or tablets in a hopper or magazine are dropped, or 
otherwise fed, into a pellet dispenser gate (80) and then 
added to one of two mixing chambers (81) containing a 
predetermined amount of sterile water. Preferably, a pxxmp 
5 (83) circulates the water in the mix chamber to dissolve 
the pellet, and form a dialysate solution. Citric acid in 
the pellet regulates the pH of the dialysate to pH 7.4 or 
below to prevent calcium carbonate precipitate from 
forming. A valve (82) controls the addition of the 

10 dialysate in the mix chamber to the dialysate circuit. 
This system eliminates the heed for use of a concentrate 
proportioning pump in prior art systems. 

In accordance with the present invention, dry 
chemicals are formed into the pellets in premeasured 

15 amounts. Each pellet contains an acid, base, and salt in 
dry form. Preferably, the acid is citric acid and is 
separated from the base and salt. Preferably, the pellets 
are formed and stored under low humidity conditions. The 
pelletized dry chemicals are capable of forming dialysates 

20 with either acetate-based or bicarbonate-based dialysates 
without equipment conversion. Preferably, the salt forms 
a barrier layer between the acid and the base in the 
pellet. 

The dry chemicals suitable for use in the 
25 pellets include salts comprising an anion and a cation, 
wherein the anions are selected from the group consisting 
of bicarbonate, citrate, chloride, acetate, lactate, and 
combinations thereof; and wherein the cations are selected 
from the group consisting of sodixim, potassium, magnesiiim, 
3 0 calcium, and combinations thereof. Additional organic dry 
chemicals suitable for use as salts include dextrose and 
urea. Useful acids include citric acid, lactic acid, 
ascorbic acid and acetic acid. Typical bases include 
bicarbonate, carbonate, lactate and citrate. Preferably, 
35 sodium, potassium, calcium, and magnesium are the cations. 
A suitable dry dialysate composition in pellet form that 
can be mixed with one liter of water to form one liter of 
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dialysate comprises from about 130 to about 150 mEq Na, 
from 0 to about 4.0 mEq of K, from about 2.0 to 3.5 of mEq 
Ca, from 0 to about 1.5 mEq Mg, from about 25 to about 45 
mEq bicarbonate, from 0 to about 2 g/L glucose, and from 
5 about 90 to about 120 mEq chloride ion. Acetate or 
lactate can be substituted for bicarbonate at the scune 
concentration range. Preferably, citric acid is used at a 
concentration from about 2 to 12 mEq to maintain an acid 
pH of the dialysate. 
10 Each mix chamber 81 can contain, for excunple, 

from about 2 to about 10 liters of dialysate. Each 
dialysate chamber volixme can be prepared by mixing an 
appropriate volume of water with a single pellet. The 
valves 83 located in the pump circuit can switch a mix 
15 chamber into a dialysate reseirvoir to pump dialysate 
through the dialysate circuit to the hemodialyzer and out 
to waste. The second mix chamber can be preparing the 
next reservoir of dialysate for use when the first mix 
chamber becomes empty. Hence, preferably there are at 
20 least two mixing chambers 81. 

The use of citric acid in conjunction with 
conventional dialysate chemicals produces a mixtiire which 
will dissolve quickly and completely in the time required 
by the system. The resulting citrate load is well 
25 tolerated, and causes no disturbance of the blood calcium 
level. Construction of the pellet, such that the more 
acid components dissolve first, maintains the pH of the 
solution below the level of 7.4 0 at all times. This 
chemical environment prevents the formation of insoluble 
30 precipitates, especially calcium salts. 

The pellets can be loaded in prescribed order in 
a suitable pellet dispenser means controlled by the pellet 
dispenser gate 80 to change the ion gradient of the 
dialysate during the treatment process to better suit the 
35 individual patient's treatment needs. 

It is possible to attach a bar code to the 
pellet and an optical scanner in the means for adding 
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pellets to the mixing chambers to ensure proper gradient 
formation and to allow the mixing system to adjust 
monitoring according to pellet composition. The pellets 
can be preloaded in magazines or casettes. 
5 As previously indicated, the utilization of 

discrete tables or pellets makes it possible to easily 
change the chemical makeup of the dialysate during 
treatment in accordance with changing requirements of the 
individual patient. For example. Raja et al., **Role of 
10 Varying Dialysate Sodium and Bicarbonate in the 
Improvement of Dialysis Vascular Stability," Proa . Art > 
Organs > Nose et al. (eds.)/ ISAO Press, Cleveland, 1985, 
pp. 237-39 [Raja et al. I], and Raja et al., "Sequential 
Changes in Dialysate Sodiiim (DNa) During Hemodialysis," 
15 Trans. Am> Soc> Artif. Intern. Oygans 29 : 649-651, 1983 
[Raja et al. II] describe several schemes to vary 
dialysate ion concentrations during treatment . The 
ability to introduce, in prescribed order, pellets with 
different chemical makeup into the mixing chambers makes 
20 possible the timed adjustment in individual dialysate ion 
concentrations during dialysis treatment in accordance 
with the prescription of the managing physician. 

For example, the dialysate sodium concentration 
can be progressively changed from 150 to 135 mEq/L in 
25 decrements of 1 or 2 mEq/L during the course of treatment. 
At the same time, the bicarbonate concentration might be 
altered from 20 to 35 mEq/L in 5 mEq/L increments during 
the first 3 hours of the procedvure. The dialysate 
chemical composition can be flexibly changed every few 
30 minutes, as each new pellet is introduced, to produce 
optimal treatment results according to the defined needs 
of the individual patient- It will be appreciated that 
the system can be automated and programmed to control the 
feeding of the pellets and delivery of the dialysate to 
35 the dialysis circuit. 

Another example of the benefit of being able to 
vairy the dialysate ion concentration during treatment is 
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to control the rate of osmolar change during dialysis* 
Several treatment-related symptoms during dialysis have 
been shown to be related to osmolar decline, and the 
reduction or blxinting in this decline can also reduce 
5 treatment symptoms, thus improving the quality of 
dialysis. One way to achieve this goal is to use sodium 
modeling. The sodivua concentration in the dialysate is 
increased in the early phase of dialysis and then is 
slowly reduced to lower concentrations, thus blunting the 
10 rate of decline of blood osmolarity. Sodixim modeling can 
only be accomplished, at present, with additional 
equipment added to a basic dialysis system, and then the 
procedure is nonselective, altering both sodium and other 
ions proportionally • The present invention achieves 
15 sodium modeling by loading dry dialysate pellets with 
higher sodixim concentrations for the early part of 
dialysis treatment and then gradually using pellets with 
lower sodium concentrations throughout the remainder of 
the treatment. Similarly, other osmolar agents, for 
20 example urea, can be added. 

In present dialysis systems, changing the sodium 
concentration also proportionally alters the 

concentrations of other constituents, such as calcium and 
magnesixim. Because individual pellets can be introduced 
25 at frequent intervals with the inventive system, the 
concentrations of all ionic species, except those whose 
change is desired, can be held constant. 

It will be appreciated that, although the 
invention has been described with respect to dialysate for 
30 hemodialysis, it is also applicable to supplying dialysate 
for peritoneal dialysis, in which case greater quantities 
of glucose can be used, and the dialysate circuit connects 
to the patient rather than to the hemodialyzer . 
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Claims 

1. A dialysate production system comprising: 
a plurality of dry dialysate pellets; 

a mixing tank; 

a gating device arranged and adapted to control the 
addition of dry dialysate pellets to said mixing tank; 

a water source; 

a means for circulating a fixed volume of water from 
said water source to the mixing tank to dissolve a dry 
dialysate pellet therein to form dialysate in the mixing tank; 
and 

circulating means for circulating said dialysate 
from the mixing tank to a use site. 

2. The dialysate production system of claim 1 
wherein there is a second mixing tank operatively associated 
with said gating device, water source and circulating means 
whereby dialysate may be alternately circulated from said 
tanks • 

3. The dialysate production system of claim l 
wherein the dry dialysate pellet comprises an acid, a base and 
a salt in layers • 

. 4. The dialysate production system of claim 3 
wherein the acid is citric acid, 

5. The dialysate production system of claim 3 
wherein the salt comprises an anion and a cation. 

6. The dialysate production system of claim 5 
wherein the anion is selected from the group consisting of 
bicarbonate, lactate, citrate, chloride, acetate and 
combinations thereof. 



wo 92/11046 



8 



PCr/US90/07480 



7. The dialysate production system of claim 5 
wherein the cation is selected from the gxoup consisting of 
sodium, potassium, magnesium, calcium and combinations 
thereof . 

8» The dialysate production system of claim 3 
wherein said salt is a layer between said acid and base* 

9. The dialysate production system of claim 1, in 
which said use site is a hemodialyzer • 

10. A dry dialysate composition comprising a pellet 
having a plurality of respective layers of an acid and a base 
and a salt, wherein the acid will dissolve first in an aqueous 
solution and the base will dissolve after solution of the 
acid. 

11. A dry dialysate composition according to claim 
10, in which said layers are separated from one another. 

12. The diry dialysate composition of claim 10, 
wherein the acid is citric acid. 

13 . A dry dialysate composition according to claim 
10, in which said salt is a layer between said acid and base. 

14 . A dry dialysate composition that, upon mixing 
with water, forms a dialysate comprising: 

from about 130 to about 150 mEq/L of sodium ion; 
from about 0 to about 4.0 mEq/L of potassium; 
from about 2.0 to about 3.5 of mEq/L of calcivim ion; 
from about 0 to about 1.5 mEq/L of magnesium ion; 
from about 25 to about 45 mEq/L of bicarbonate ion, 
acetate, lactate or combinations thereof; 

from about 0 to about 2.0 g/L glucose; and 

from about 90 to about 120 mEq/L of chloride ion. 
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15. The dry dialysate composition of claim 13 
further comprising from about 2 to about 12 mEq/L of citric 
acid whereby the citric acid maintains an acid pH of the 
dialysate* 

16. A dry dialysate composition in a pellet or 
tablet form comprising an acid, a base and a salt wherein the 
acid is selected from the group consisting of citric acid, 
lactic acid, ascorbic acid, acetic acid and combinations 
thereof, and wherein the base is selected from the group 
consisting of bicarbonate, carbonate, lactate, citrate and 
combinations thereof. 
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AMENDED CLAIMS 

[received by the International Bureau on 20 April 1992 (20.04.92); 
original claims 3,4,8,9,11,13 and 15 cancelled; new claims 3 and 7 added; 
claims 1,2,5,6,7,10,12 and 16 amended and renumbered as claims 

8,9,10,11,12,1,2, and 5 (3 pages)] 

1. A dry dialysate composition comprising a pellet 
with a plurality of separated layers of an acid, bicarbonate 
and a salt, wherein the acid will dissolve first in an aqueous 
solution and the bicarbonate will dissolve after solution of 
the acid. 

2. The dry dialysate composition of claim 1 
wherein the acid is citric acid. 

3. The dry dialysate composition of claim 1 
wherein, upon dissolving in water, the pH remains below 7.4. 

4. A dry dialysate composition that, upon mixing 
with water, forms a dialysate comprising: 

from about 13 0 to about 150 mEq/L of sodium ion; 
from about 0 to about 4.0 mEq/L of potassium ion; 
from about 2.0 to about 3.5 mEq/L of calcium ion; 
from about O to about 1.5 mEq/L of magnesium ion; 
from about 25 to about 45 mEq/L of bicarbonate ion, 
acetate, lactate or combinations thereof; 

from about 0 to about 2.0% glucose; 

from about 90 to about 120 mEq/L of chloride ion; 

and 

from about 2 to about 12 mEq/L of citric acid. 

5 . A dry dialysate composition in a pellet or 
tablet form comprising an acid, a base and a salt wherein the 
acid is selected from the group consisting of citric acid, 
lactic acid, ascorbic acid, acetic acid and combinations 
thereof and wherein the base is selected from the group 
consisting of bicarbonate, carbonate, lactate, citrate and 
combinations thereof . 
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6. A dry dialysate compositiion that, upon mixing 
with water, forras a dialysate comprising: 

from about 130 to about 150 mEq/L of sodium ion; 
from about 2*0 to about 3.5 mEq/L of calcium ion; 
from about 25 to about 45 mEq/L of bicarbonate ion, 
acetate, lactate or combinations thereof; 

from about 90 to about 120 mEq/L of chloride ion; 

and 

from about 2 to about 12 mEq/L of citric acid. 

7. A dry dialysate composition comprising an acid, 
a base and a salt wherein the acid is selected from the group 
consisting of citric acid, ascorbic acid and combinations 
thereof and wherein the base is selected from the group 
consisting of bicarbonate, carbonate, lactate, citrate and 
combinations thereof* 

8. A dialysate production system comprising: 

a plurality of dry dialysate compositions according 
to any one of claims 1, 2, 3, 4, 5, 6 or 7; 

a mixing tanJc; 

a gating device arranged and adapted to control the 
addition of dry dialysate pellets to said mixing tank; 

a water source; 

a means for circulating a fixed volume of water from 
said water source to the mixing tank to dissolve a dry 
dialysate pellet therein to form dialysate in the mixing tank; 
and 

circulating means for circulating said dialysate 
from the mixing tank to a hemodialyzer • 

9 . The dialysate production system of claim 8 
wherein there is a second mixing tank operatively associated 
with said gating device, water source and circulating means 
whereby dialysate may be alternately circulated from said 
tanks • 
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10 . The dialysate production system of claim 8 
wherein the salt comprises an anion and a cation. 

11, The dialysate production system of claim 10 
wherein the anion is selected from the group consisting of 
bicarbonate, lactate, citrate, chloride, acetate and 
combinations thereof. 

12 • The dialysate production system of claim 10 
wherein the cation is selected from the group consisting of 
sodium, potassium, magnesiiim, calcium and . combinations 
thereof. 



wo 92/1 1046 



PCr/US90/07480 




wo 92/1 1046 



PCT/US90/07480 




I&tcr&ftiio&al Appl '>& No 
L CLASSmCAnON OF SUBJECT MATTER <tf *«maJ ciasiiflcatlon symboU appty, iadlca»«^)* 



PCT/US 90/07480 



Accordiog to lAternatloaai Patcot 

Int. CI. 5 



IL FIELDS SEARCHED 



ofi (IPC) or to botb National Cla$stncaU«>n and IPj 

M 1/16 




OassUlcatloD Systeo 



Int.Cl.5 



Oasstflcatioa Symbols 



A 61 M 



Docu»c9tation Scardied other than Mlatmpm DocamcoUtlon 
10 tbt £xt«ot that such Doamtnts 2te Indnitd in the Fields Scarcfaed* 



UL DOCUMENTS CONSIDERED TO BE REUEVANT' 



Categoiy 



Qtailoft of Docsaneot, " wtth lodication, wbefo appropriate, of th« rdevaat passages " 

EP, A, 0034916 (P. VELTMAN) 2 
September 1981, see page 6, line 21 - page 7, 
Une 2; page 10, lines 5-24 

US,A,4734198 (W. HARM et al.) 29 
March 1988, see abstract; figures 

FR, A, 2569560 (S. GRANGE et al.) 7 
March 1986, see the whole document 

EP, A, 0399918 (TERUMO) 28 November 
1990, see page 3, lines 13-39 



Reicvaot to Oaim No.^ 



1,10,16 



1,10,16 



* Sp«dal <ate«oHc» «f dtcd fecsB«8ts : 

'A' ioeammt dcAalBS tb« tmtnl stato of tb« art whtdi Is aot 

cDBsldcr«d to b« of partotar nl«fva&c« 
'ET csrUtf docaaieat bst poUisbad ott or after tba istanaHaaal 

fUi&Cdate 

IT docaaest whkh may thmr donbis ea niortcy daiB<s) or 

* which is cited to cstaUish th« pahUcatioa dato of aBotbo' 
citstios or otfe^ spodal rcasos (as vpeciflad) 

docoBcot rvfentnt to aa oral disdo*8r«r as% ccchiUtioa or 



tai«^docaBM«t p«bUsh«d after tb« istamstioBal ftUof daio 
or priosity das* and aoC la coaflkt with tbo apBllcadoo but 
dtad to aadarstaad th« priadpU or theory aadcrtylaff the 



docamest pabUsbad prkr to the biteraailoaal flUaf daio bat 
lax« thaa th« priority dau daiaed 



of particalar reftoraaca; th« dalmcd lafvtstioa 
bo coastdcnd aowel or caaaot b« csasidered to 
isvoha aa iu w at ha st#p 

^AM»m^* of particalar rateraaec; the daimed iarcotioe 
caABOt be ctiasidered to lovotva aa ia w o tt ve step wh«o the 
4ocB»cst Is comUaed with oaa or atert other sach dociK 
nests,. sBch coabdaatStt beiag ohvtoos to a penoa sklUed 

iatheazt. 

of th« saoM pamt fiasaily 



IV. CERTIFICATION 



Data of tha Adaal Coapledoo of the lateraatioBal Search 

14-08-1991 



LatiraaiSoaai Scerchtnf Aathoctty 

EUROPEAN PATET^rr OFFICE 



Pat* of Mailiaf of this lateraazloaal Sr .trch Report 

0 6. 01 92 



SJfBarBre of Aax&^rixed Omcer 

4b 



Nicole De Bie 



Intomatloi \ppllcation No. PCX/ US90 /07480 



FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET 




V. □ OBSERVATION WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE ^ 



This International SMrch raport has not baan astablishad in mspact of cartain claims undtr Articia 17(2)(a} for tha following raasoos: 

Ctaim numbars bacausa thay ralata to subfact manar not raqutrad to ba saarchad by th»s 

Authority, namal^ 



Oatm numt>afs bacausa thay raJata to parts of tha Intamatiortal application that do noi cotapty 

with iha prascnbad raquiramants to such an axtant that no maaningful Intamational saarch can ba camad out. spacificalty. 



Oaim numbars 

tha sacood and third santancas of PCX Rula 6.4(a). 



bacausa thay ara dapandant claims and ara not dranad In accordanca ^iMt 



Vlijj OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING ^ 



This Intarrotionat Saarching Authority found muttipla tn^itttons m this Intamational appUcstion as fotlo^ws: 

1- Claims 1-13,15,16 
2. Claim 14 

For further information please see form PCT/ISA/206 mailed on 25.09.19991 



1. I \ax all raqufrad addrtiofiai saarch faas wtra timaiy paid by tha applicant, this Intamattonal saarch raport covirs all 
cf ttia Iniarhational application 



2. CZI As only soma of th* raqutrad additional saarch faas wara timaiy paid by tha applicant, this intamatkml 
thosa daims of tha Intamatiorial application for which teas wara paid, spacifically cfatms: 



saarch raport eo^ars only 



3. 



No raquirad addttional saarch teas wara timaty paid by tha applicant ConsaquantJy, this intamatiooat saarch raport is rastrtctad to 
tha invanton first ntantior>ad In tha claims; it is covarad by daim numbars: 

1-13,15.16 



4. I I As all saarchabia daims could ba saarchad without CEffort |ustifying sn ^dditionai fa*, tha International Saarching Authority did not 

invtta paymant of any additional faa. 

R«m«ric on Protest 

mi Tha additional saarch faas wara accompaniad by appltcanrs protest. 
(ID No protest accomparttad tha paymant of ad<fttional saarch fsas. 



ANNEX l^HE INTERNATIONAL SEARCH^B^ORT 

ON INTER^TIONAL PATENT APPLICATIONNO. uS 9007480 

SA 43896 

This aimex lists the patent familj members relatiiig to the patent documents citeiK in tbe above-mentioDed international search report. 
The members are as containetl in the European Patent Oflke EDP fiJe on 20/12/91 

Tbe Ewopean Patent Office is in no way liable for tbe$e partkolars which are merely given for tbe purpose of information. 



patent doctnDOit 


Poblicatioo 


Pateot family 


Pablication 


cited in search report 


date 


iiieiiil>cr($) 


date 



EP-A- 


0034916 


02-09-81 


US-A- 
AU-A- 
CA-A- 
JP-A- 
US-A- 


4756838 
6747081 
1167378 
56131515 
4489535 


12-07-88 
27-08-81 
15-05-84 
15-10-81 
25-12-84 


US-A- 


4734198 


29-03-88 


None 






FR-A- 


2569560 


07-03-86 


None 






EP-A- 


0399918 


28-11-90 


JP-A- 
JP-A- 
JP-A- 
AU-A- 


2311418 
2311419 
3038527 
5580390 


27-12-90 
27-12-90 
19-02-91 
29-11-90 



For more details about this annex : sec OfRcial Journal of tbe European Patent Office, No. 12/82 



